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(54) Integrated circuit with airbridge above a cavity between two bonded semiconductor wafers 



(57) A handle wafer has a cavity coated with a die- 
lectric. A device water is bonded to the handle wafer. 
Metal lines, devices or circuits fabricated on device layer 
overlay the cavity in the handle wafer thus reducing par- 



asitic capacitances to the handle wafer and crosstalk 
through the handle wafer. This constitutes a rugged air 
bridge structure capable of being passivated and/or be- 
ing placed in plastic packages. 
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Description 

The present invention relates to integrated circuit 
air bridge structures and methods of fabricating such 
structures which facilitate the formation of the integrated 
circuits and components in bonded wafer structures. 

In order to reduce interconnect capacitances in high 
performance and high frequency processes, air bridges 
are often used. A typical air bridge is formed using a 
second layer of interconnect metal deposited and pat- 
terned over a sacrificial material. The sacrificial material 
is later removed to leave a metal line surrounded by air 
rather than a dielectric, such as oxide. Parasitic capac- 
itances to the substrate and other metal lines is thus re- 
duced since air has a lower dielectric constant than do 
solid insulators such as silicon dioxide or silicon nitride. 

However, traditional air bridge manufacturing tech- 
niques and structures have several disadvantages. The 
length of an air bridge is often limited by flexure of metal 
between twovias. So, relatively long air bridges can only 
be manufactured by stitching together multiple lengths 
of short air bridges. Another problem is that circuits fab- 
ricated with air bridges cannot be passivated. In a nor- 
mal process, the passivation layer is deposited on top 
of an integrated circuit. Typical passivation layers are 
silicon oxide or silicon nitride. However, for air bridge 
structures, the passivation layer has to be omitted oth- 
erwise the passivation layer will fill the air under the 
bridge and thereby increase the capacitance of the air 
bridge or damage the bridge itself. Plastic packaging is 
also precluded for the same reasons. 

Accordingly, there has arisen a need for air bridges 
that can be made of longer lengths of metal than are 
available in known air bridges and also for air bridges 
that can be incorporated into integrated circuits which 
are passivated and/or in plastic packages. 

An object of the present invention is to provide in- 
tegrated circuit air bridge structures which may be fab- 
ricated using bonded wafer silicon-on-insulation tech- 
nology, and also to provide integrated circuit air bridge 
structures having air bridges or other components made 
out of conductive elements (e.g., inductors or capaci- 
tors), with sufficient spacing provided between the air 
bridges of the components and the active integrated cir- 
cuit so as to reduce the effect of parasitic capacitance 
between the conductive elements and the circuits and 
adversely affecting the high frequency response of 
these circuits, as well as to methods of fabricating such 
structures. 

The present invention includes a method for form- 
ing an air bridge in a bonded wafer comprising the steps 
of forming a cavity in a handle substrate, bonding a de- 
vice wafer to the handle wafer, covering the device wafer 
with a layer of metal, and forming the layer of metal into 
a metal lead over the cavity of the handle wafer. 

The invention also includes an air bridge on a bond- 
ed wafer comprising a handle wafer with an air bridge 
cavity in a surface of the handle water, a device wafer 



bonded to the handle wafer and covering the air bridge 
cavity, a metal lead on the device wafer, and a dielectric 
layer coating the surface of the air bridge cavity. 

Advantageously, an air bridge structure is formed in 

s a bonded wafer by masking and etching a cavity in the 
surface of the handle wafer. A device wafer is bonded 
to the handle wafer. A metal layer is deposited on the 
surface of the device wafer over the handle wafer cavity. 
A trench may be formed around the portion of the device 

io wafer over the cavity. The metal layer is patterned to 
form interconnect areas. The cavity beneath the metal 
interconnect reduces parasitic capacitance of the metal 
lead. 

The invention will now be described, by way of ex- 
15 ample, with reference to the accompanying drawings, 
in which: 

FIGS. 1 and 2 are sectional views of the bridge de- 
vice shown in two early stages of fabrication there- 
of; 

FIG. 3 is a cross-sectional view of a portion of an 
integrated circuit device containing a conductive 
material in a bridge configuration wherein the struc- 
ture is bonded and enclosed to facilitate handling 
and preventing contamination of the device; 
FIG. 4 is plan view of a portion of the device shown 
in FIG. 3 taken along the line 4-4 when viewed in 
the direction of the arrows extending from that line; 
FIGS. 1 -3 show an example of how to fabricate the 
air bridge conductor in a bonded wafer silicon-on- 
insulator technology. A layer 20 of the handle wafer 
1 6 is masked with a photoresist coating 50 to define 
the region where the cavity 30 is formed, by using 
a wet or dry etch. In some cases, it may be desirable 
to have an oxide or some other suitable layer be- 
neath the photoresist coating to improve the pho- 
toresist adhesion. A wet etch with potassium hy- 
droxide (KOH) is preferred. Then oxide layers 26 
and 28 are formed either by deposition or by grow- 
ing these layers (reoxidization). The oxide layer 26 
of handle wafer 16 is bonded to the oxide layer 22 
of the device wafer 14 in a manner known to those 
skilled in the art, to form a bonded silicon-on-insu- 
lator substrate 1 0. The bonded substrate 1 0 has the 
closed space or cavity 30 in the handle wafer 16. 
The bonded substrate 10 has a trench 40. The 
trench 40 is formed by etching device wafer 14 and 
stopping the etch on the oxide layer 22. The trench 
walls are coated with oxide and filled with suitable 
material, either oxide or polysilicon. A layer of oxide 
31 covers the device wafer in a region above the 
cavity 30. A first metal layer is deposited on oxide 
31 . The first metal layer is patterned and etched to 
form a metal interconnect or conductor 1 2. An inter- 
level dielectric (ILD) layer 42 covers conductor 12. 
ILD layer 42 has openings to the conductor 12. A 
second metal layer is deposited on the ILD layer 42 
and in the openings to contact the conductor 12. 
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The second layer of metal is patterned and etched 
to provide interconnection for metal 1 at points 44, 
46. 

FIG. 3 t shows a bonded wafer structure 10 having 
an air bridge structure 12 in a device wafer 14 bonded 
to a handle wafer 16. The device wafer 14 has one or 
more integrated circuit device structures (not shown) 
fabricated simultaneously in layers of device wafer 14. 
Where the device and handle wafer 14, 16 comprises 
silicon, the wafers 14, 16 may be bonded together by 
one of several known techniques, including the use of 
an oxide bonding layer 26. These bonded structures 10 
are then separated into dies containing an individual in- 
tegrated circuit device or devices. It is a feature of this 
invention to provide complete devices which are then 
separated or diced, forming individual dies each having 
a complete integrated structure. 

FIG. 3 illustrates by way of cross-section which 
omits bond pads for leads to the integrated circuit de- 
vices which are formed in regions 23 and 24 and 36 of 
the layer 18 of device wafer 14. The layer 18 may have 
a bottom surface coating of insulating, oxide material 
(an oxide layer 22). The layer 20 of handle wafer 16 is 
a semiconductor layer disposed between oxide layers 
26 and 28. A cavity 30 is provided in the layer 20 which 
may be coated with the oxide layer 26. By coating it is 
meant any suitable process conventionally used in the 
semiconductor art, such as thermal oxidation or depo- 
sition. 

The device wafer 14 has a trench 40 with sides 32 
and 34. The trench 40 defines a region 36 which is iso- 
lated from the other regions 23 and 24. This region is 
isolated by insulating or dielectric coating material, such 
as oxide, that covers the trench walls and floor. The 
trench 40 is filled with suitable material, such as depos- 
ited oxide or polysilicon, in a manner well-known in the 
art. An integrated circuit device may be formed by con- 
ventional integrated circuit fabrication techniques in the 
region 36 between trenches 40 as well as in regions 23 
and 24. 

The cavity 30 as well as the trench 40 minimize the 
parasitic capacitances between the active circuits in the 
layer 18, its regions 23, 24, and 36 and the air bridge 
12. The handle wafer 20 and the device wafer 14 are 
joined and aligned, so that the cavity 30 is below the 
region 36. Bonding is done by conventional oxide bond- 
ing (e.g., silica fusing) techniques to the device wafer 
1 8 to form the substrate 10. 

The air bridge conductor 1 2 is made from a layer of 
metal that is surrounded by trench 40. Trench 40 sides 
32 and 34 as shown in FIG. 4, surrounds and isolates 
the air bridge conductor 12. The trench also surrounds 
and isolates the cavity 30. The cavity 30 is located be- 
tween the conductor 1 2 and handle wafer 1 6, so the ca- 
pacitance between conductor 12 and substrate 16 is 
greatly reduced. It is also possible to isolate metal 2 in 
a manner similar to the one used for metal 1 . 



An interlevel dielectric layer (ILD) 42 is deposited 
over the conductor 12. Vias are formed in ILD layer 42. 
A second level of metal in deposited on the ILD layer 42 
and in the vias. The second level of metal is patterned 

s to provide interconnections contacts 44, 46. Finally, a 
layer 60 of passivation material, such as Si0 2 , or silicon 
nitride is deposited or formed over the ILD 42 and the 
contacts metal 2 interconnects 44 and 46 to complete 
the structure 10. 

10 Isolation from the substrate of sensitive circuit ele- 
ments can also be achieved by using a cavity on the 
handle wafer. 

A handle wafer has a cavity coated with a dielectric. 
A device wafer is bonded to the handle wafer. Metal 

15 lines, devices or circuits fabricated on device layer over- 
lay the cavity in the handle wafer thus reducing parasitic 
capacitances to the handle wafer and crosstalk through 
the handle wafer. This constitutes a rugged air bridge 
structure capable of being passivated and/or being 

20 placed in plastic packages. 



Claims 

25 1. A method for forming an air bridge in a bonded wa- 
fer comprising the steps of: 

forming a cavity in a handle substrate; 
bonding a device wafer to the handle wafer; 
30 covering the device wafer with a layer of metal; 

forming the layer of metal into a metal lead over 
the cavity of the handle wafer. 

2. A method as claimed in claim 1 characterized by 
35 the step of covering the surface of the cavity with a 

dielectric. 

3. A method as claimed in claim 1 or 2 characterized 
by the step of oxide bonding the device wafer to the 

40 handle wafer. 

4. A method as claimed in any one of claims 1 to 3 
characterized by opening a trench in the device wa- 
fer around the cavity in the handle wafer, deposing 

45 a dielectric layer on the surface of the trench, and 
filling the trench. 

5. A method as claimed in claim 4 characterized by 
depositing an interlevel metal dielectric layer over 

so a first metal layer, opening contact vias through the 
interlevel metal dielectric layer, depositing a second 
metal layer over the interlevel metal dielectric layer, 
and forming portions of the second metal layer into 
contacts to the first metal layer through vias in the 
55 interlevel metal dielectric. 

6. An air bridge on a bonded wafer comprising: 

a handle wafer with an air bridge cavity in a 
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surface of the handle wafer, a device wafer bonded 
to the handle wafer and covering the air bridge cav- 
ity, a metal lead on the device wafer, and a dielectric 
layer coating the surface of the air bridge cavity. 

5 

7. An air bridge structure as claimed in claim 6 char- 
acterized by an isolation trench in the device wafer 
and surrounding the air bridge cavity. 

8. An air bridge structure as claimed in claim 7 char- io 
acterized by a dielectric coating on the surface of 

the trench. 
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